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Abstract. Phytophtora infestans, the causal organism of late blight, is the most important 
fungal pathogen of potato. Utilization of resistant variety is the most important strategy of potato late 
blight control. For creating new resistant varieties Marker Assisted Selection significantly increase the 
efficiency of this process. RAPD markers offer the advantage that it requires no preliminary 
information concerning the DNA sequence of the resistance genes or about expression product of 
these genes. But in this case molecular markers, defined by a certain polymorphism, have to be 
attributed to resistance genes by a genetic analysis. The simplest method, rely on co segregation or 
constantly presence of a polymorphic band in the resistant forms that is absent in the susceptible 
forms. To achieve that two groups of potato accessions originated from USA and Brasov, Romania, 
were used, represented of resistant differential lines with known R genes. From the seven primers used 
some gave amplification product only in resistant differential lines but no in sensitive one, 
amplification product that could be considered as candidate for molecular markers of resistant genes 
usable for Marker Assisted Selection of potato resistant to P. infestans. 
 




Phytophtora infestans, the causal organism of late blight, is the most important fungal 
pathogen of potato. Efficient disease controls combine a reduced number of chemical 
treatments with the use of resistant varieties. Genetic resistance to P. infestans could be of two 
types: vertical and horizontal resistance. Vertical resistance is monogenic controlled by 
dominant race specific alleles. Horizontal resistance, or quantitative resistance, is polygenic 
controlled. Both are found in the germplasm of cultivated and wild potato species (Scippers et 
al., 1994). The most of the race-specific resistance R genes have been introgressed into 
cultivated potato variety from Solanum demissum (Huang et al., 2004). In case of rase specific 
genes for every (R) dominant resistance allele in the plant correspond a dominant avirulence 
allele (Avr) in the pathogen (Kamoun, 2000). In potato there are known 11 resistance alleles 
(R1-R11) which confer race-specific resistance to P. infestans, some of the genes being on 
different chromosomes and some of the genes being on the same chromosome, like genes R3, 
R6 and R7 on the XI chromosome (El-Kharbotly et al., 2004). Unfortunately race specific 
resistance against P. infestans is controlled by more genetic factors than only R-genes and 
sometimes although R genes exist in potato plants they are not expressed (El-Kharbotly et al., 
1996). Recently there was identified a monogenic form of resistance with a broad form of 
resistance, effective against all known races of P. infestans, controlled by RB gene from 
Solanum bulbocastanum, localized on 8 chromosome (Colton et al., 2006; Naess et al., 2000; 
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Oosumi et al., 2009; Song et al., 2003) or controlled by Rber gene from S.berthaulti, localized 
on 10 chromosome (Colton et al., 2006; Staples, 2004).  
In the breeding strategy for potato resistance to P. infestans there are many 
approaches. One of them is sexual hybridization with cultivated variety or wild species that 
contain such resistance genes, followed by selection. In this frame Marker Assisted Selection 
offer the possibility of increasing of selection efficiency. RAPD markers used by us offer the 
advantage that no needs preliminary information concerning the DNA sequence of the 
resistance genes or at least the protein expression product of these genes. But in this case 
molecular markers, defined by a certain polymorphism, have to be attribute to resistance 
genes by a genetically analysis. The most simple method to do that rely on co segregation or 
constantly apparition in the resistant forms of a polymorphic band that is absent in the 
sensible forms. These markers, that give a polilocus non specific polymorphism, offer the 
opportunity to identify other resistance genes or other factors implying in the resistance 
phenomenon. More sophisticated methods, that accomplish the same thing, rely on utilization 
of NIL lines (Martin et al., 1991) or Bulk Segregant Analysis (Michelemore et al., 1991). 
The objective of this study there was to find some molecular markers, relying on co 
segregation, markers that could be considered to belong to resistance genes or that could be 
linked with resistance genes to P. infestans, markers usable for Assisted Selection of potato 
resistance to late blight. 
 
MATERIALS AND METHODS 
 
Biological material, represented by differential potato lines, was kindly provided by 
USDA, ARS, Wisconsin, United States, as in vitro-plant, and by National Institute of 
Research and Development for Potato and Sugar Beet, Brasov, Romania, as tubers, tubers 
being planted in field in the summer of 2008. Potato vitro-plants carry, at least, one gene for 
late blight resistance. Every line from Brasov carries only one resistant gene. For every origin 
there was one sensible line without any resistant genes, as control (Tab. 1). 
DNA extraction was performed from plantlets grown in vitro or from leaves, from 
plants grown in field, according to Lodhi et al. (1994) protocol. 
For DNA amplification there were used eight decamer primers (Tab. 2). The DNA 
amplification was performed in 25 µl reaction volumes containing 5x reaction buffer (GoTaq 
Green, Promega), 0.2 mM for each dNTP, 2,5 mM MgCl2 ,  0,5µM primer and 30 ng DNA. 
The amplification program was as follows: initial denaturation at 94°C for1 min., followed by 
45 cycles of 1 min.at 94°C, 1min. at 34°C and 1.5 min. at 72°C and final extension at 72°C for 
7 min. The amplification products were separated by electrophoresis in 1.4 % agarose gel 
with o.5µg/ml-1 ethidium bromide and were revealed in UV light. In order to determine 
molecular size of amplification products there were used two ladder, one of 1000 bp, for 
amplification products obtained from USA potato accessions, and one of 100 bp, for 
amplification products obtained from Brasov potato accessions.The images were 
photographed using a AlphaInotech imager. Based on the obtained molecular polymorphism, 
genetic distances were calculated by Jacard coefficient and UPGMA trees were generated 
using Free Tree 0.9.1.50 software. 
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Tab. 1 
Biological material used in experiment 
 
Code R genes Accession Code R genes Origin and accession 
1 R0 Brasov 22 R1R3R4 USA,PI 215621 
2 R1 Brasov 23 R1R2R3 USA,PI 215622 
3. R2 Brasov 24 R5 USA,PI 303146 
4 R3 Brasov 25 R7 USA,PI 303148 
5 R4 Brasov 26 R8 USA,PI 303149 
6 R5 Brasov 27 R3 USA,PI 423653 
7 R6 Brasov 28 R10 USA,PI 423656 
8 R7 Brasov 29 R1R2 USA,PI 423657 
9 R8 Braşov 30 R1R3 USA,PI 423658 
15 R0 USA,RS1 31 R1R2R4 USA,PI 215623 
16 R9 USA, LB1 33 R2 USA,PI 423652 
17 R1R4 USA,PI 201406 34 R1 USA,PI 423651 
18 R2R3 USA,PI 201407 35 R6 USA,PI 587059 
19 R4 USA,PI 203900 36 R11 USA,PI 587060 
20 R1R2R3R4 USA,PI 215618    
 
Tab. 2 
Decamer primers used for potato DNA amplification 
 
Code Primer name Sequence 
52 70.03 5`-ACGGTGCCTG-3` 
57 MIC-14 5`-TGAGTGGGTG-3` 
58 595 BC 5`-GTCACCGCGC-3` 
59 270 BC 5`-TGCGCGCGGG-3` 
60 534 BC 5`-CACCCCCTGC-3` 
61 563 BC 5`-CGCCGCTCCT-3` 
62 594 BC 5`-AGGAGCTGGC-3` 
 
RESULTS AND DISCUSSION 
 
The cladogram generated based on distance matrix revealed a high polymorphism 
among the accessions, as among Brasov accessions (Fig.1) as among USA accessions (Fig.2). 
In the both groups of accessions the sensitive lines (R0) is the most different from the others. 
This could be a problem in the analysis of polymorphism that could be assigned to resistance 
genes. Due to high genetic distances between sensitive lines and the other accessions, the 
polymorphic bands present into resistant accession is not a guaranty that this bands belongs to 
resistance genes, although they could be. In order to increase this probability there was 
followed the presence of the same size of polymorphic bands, both in Brasov accessions and 
in USA accessions, taking into account the consideration that equal electrophoretic mobility 




Fig. 1.The graphic representation of genetic 
distances (cladogram) within Brasov potato 
accessions 
Fig. 2.The graphic representation of genetic 








Fig.3. The amplification products obtained from USA accessions (a) and Brasov accessions (b) with primer 62. 
Ld-1000 bp ladder; L-100 bp ladder. 
 
The size of amplification product for USA accessions is presented in table 3, and for 
Brasov accessions Tab. 4. 
 
Tab. 3 
Molecular size of amplification products obtained with primer 62 for DNA isolated from  
USA differential lines 
Molecular size (bp) of amplification products for differential potato lines with different R genes 
R0 R9 R4 R5 R7 R8 R3 R10 R2 R1 R6 R11 
  3,199    3,182 3,119 3,228    
2,613 2,624 2,613 2,613 2,613 2,613 2,613 2,613 2,612 2,613 2,612 2,564 
        2,375    
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  2,069 2,116  2,116 2,116 2,077 2,122   2,119 
1,883 1,926   1,919     1,927 1,935  
  1,657    1,696  1,734   1,758 
1,516  1,516 1,524 1,516 1,524 1,524 1,524 1,529 1,524 1,529 1,546 
   1,373         
  1,219         1,247 
      1,025      
 
Analysing polymorphic bands having R genes for resistance of potato to Phytophthora 
infestans there are two candidate markers, the band around of 1030 bp and the band around of 
3100 bp, commonly for some USA and Brasov accessions. The fact that this primer produced  
amplification products of the almost same size, indifferent of  R gene type, could be explained 
by nature highly conserved of R genes , member of the gene family NBS-LRR (Nucleotid 
Binding Site-Leucine Rich Repeat), (Simko et al.,2007; Taoutaou et al., 2009). These 
polymorphic bands could be considered good marker candidates for resistance genes. 
A very similar situation there is in case of primer 61. In Fig. 4 they are presented the 
amplification products obtained with primer 61. One amplification products around 1500 bp 
has been present in almost all resistant accessions from USA and Brasov (Tab. 5 and Tab.6).  
Now, due to the limited space we are going to comment other data, not presented here.  
The primer 52 gave an amplification product of 1363 bp, commonly for all Brasov 
resistant accessions and for some USA resistant accessions, product that could be considered 
candidate marker for resistance genes. The primer 57 gave an amplification product around 
1630 bp, commonly for all resistant USA accessions but lacking in Brasov accessions. In this 
case there is a minimum probability to be a good marker candidate. The same primer has 
given an amplification product of 1979 bp in both USA and Brasov accession harboring R1 
allele. This product could be considered a good specific marker for R1 allele. 
 
Tab. 4  
Molecular size of amplification products obtained with primer 62 for DNA isolated from Brasov  
differential lines  
Molecular size (bp) of amplification products for differential potato lines with 
different R genes 
R0 R1 R2 R3 R4 R5 R6 R7 R8 
  3,094    3,091   
  2,298 2,489 2,359 2,454 2,634 2,567 2,549 
2,241      2,351   
2,024   2,128 2,074 2,182 2,125 2,260 2,282 
   1,909 1,911 1,932 1,911 1,955 1,978 
       1,834 1,836 
1,773   1,738 1,744 1,728 1,705   
1,584  1,622  1,651     
1,459 1,500 1,487 1,500 1,487 1,473  1,554 1,582 
  1,393  1,380     
1,254  1,279  1,279  1,309   
 1,221      1,266  
1,152  1,161 1,161  1,161 1,153 1,200  







Fig.4. The amplification products obtained from USA accessions (a) and Brasov accessions (b) with primer 6. 
Ld-1000 bp ladder; L-100 bp ladder. 
 
Tab. 5 
Molecular size of amplification products obtained with primer 61 for DNA isolated from USA differential lines 
Molecular size (bp) of amplification products for differential potato lines with different R genes 
R0 R9 R4 R5 R7 R8 R3 R10 R2 R1 R6 R11 
3,101          3,070  
2,728 2,728 2,725 2,729 2,726 2,715 2,715 2,704 2,704 2,717 2,716 2,717 
     2,443       
2,055 2,055 2,086 2,057 2,051 2,091 2,056 2,074 2,038 2,092 2,093 2,092 
     1,953 1,921  1,902  1,891  
1,824 1,855 1,788 1,826  1,857 1,796  1,777 1,826  1,826 
            
  1,619 1,627 1,592 1,625       
 1,475   1,470 1,450 1,498 1,479 1,479 1,497  1,473 
1,429            
1,264 1,264 1,278 1,268 1,276 1,278 1,278 1,279 1,279 1,276 1,282 1,276 
        1,129    
     1,097     1,085  
993 993 988  984 990 990 987 1,016 985 980 999 
 
Tab. 6 
Molecular size of amplification products obtained with primer 61 for DNA isolated from Brasov  
differential lines  
Molecular size (bp) of amplification products for differential potato lines with 
different R genes 
R0 R1 R2 R3 R4 R5 R6 R7 R8 
2,075 2,076 2,079 2,078 2,077 2,078 2,076 2,075 2,077 
 1,531 1,548 1,534 1,567 1,515 1,516  1,559 
       1,485  
1,309 1,287 1,256 1,245 1,258 1,281 1,280 1,318 1,302 
1,140 1,112 1,096  1,099 1,116 1,127 1,106  
     989 977   
 865 867  864     
 
In the case of primers 58 and 59, although they are many polymorphic bands in 
resistant differential lines, comparing with the sensitive line, sometimes they lack in USA 
accessions or in Brasov accessions, so these amplification products cuds not are considered 






There were identified decamer primers that gave amplification product only in 
resistant differential lines but now in sensitive one, amplification product that could be 
considered markers for Assisted Selection of potato resistance to P.infestans. 
Some markers were specific for a certain resistant allele R and some were commonly 
for many resistant alleles R. 
The fact that this primer produced amplification products of the almost same size, 
indifferent of R gene type, could be explained by nature highly conserved of R genes, member 
of the gene family NBS-LRR 
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